Nonspecific low back pain (NSLBP) accounts for a large proportion of low back pain cases. The present study aimed to investigate the effect of the whole-body vibration (WBV) exercise on lumbar proprioception in NSLBP patients. It was hypothesized that WBV exercise enhances lumbar proprioception.
Background
Low back pain (LBP), as a symptom rather than a disease, like headache and dizziness [1] , is one of the most prevalent and expensive musculoskeletal conditions [2] . LBP is a leading cause of years lived with disability, which increased by 54% between 1990 and 2015, with the biggest increase seen in low-income and middle-income countries [3] . The prevalence increased by 18% from 2006 to 2016 [4] , and its lifetime prevalence was reported to be 84% [5] . Nonspecific low back pain (NSLBP) accounts for a large proportion of LBP cases (commonly cited as 90%) [6] , which is LBP with an unrecognizable, unknown specific pathology (e.g., radicular syndrome, cauda equina syndrome, fracture, infection, osteoporosis, structural deformity, inflammatory disorder, or tumor) [1] . The pathogenesis of NSLBP is not fully understood [5] . Clinicians and patients were recommended by the American College of Physicians to select nonpharmacologic treatment [7] with exercise [8] , multidisciplinary rehabilitation [9] , electrical therapies [10] , and magnetic therapy [11] to reduce pain and its consequences.
NSLBP patients showed an impaired proprioception compared with healthy controls [12] [13] [14] . Proprioceptive sense, by definition, is a result of the central processing by the central nervous system of afferent information about joint position, joint force, and joint movement from various mechanoreceptors in muscle spindles, Golgi tendon organ, and the fibrous membrane in joint capsules [15] . Proprioception has been shown to be a key component of motor control and joint stability during daily activities [16] , and also coordinates movement and affects injury risk during sports [17] . Lumbar instability also restricts muscle strength, endurance, and flexibility [18] and makes recurrence of LBP more likely [19] . Hence, impaired proprioception affects normal coordinated movement. Decreased lumbar proprioception may lead to higher sports injury risk, an increase in pain intensity, and lumbar disability. A negative correlation between lumbar proprioception and pain was described in our previous study [20] .
In recent years, whole-body vibration (WBV) exercise has increased in popularity in pain relief and physical performance in various clinical populations [21] [22] [23] [24] . Conditions that have been studied include anterior cruciate ligament reconstruction [25] , osteoporosis [26] , fibromyalgia syndrome [27] , overweight/ obesity [28] , cerebral palsy [29] , post-stroke [30] , and chronic NSLBP [31] . WBV requires the individual to perform static or steadily controlled exercises on an oscillating platform [32, 33] . WBV improves muscle function through increased reflexive activity from the stimulation of the muscle spindle system [25] and also from increased corticomotor excitability [34] . This mechanism has also been suggested to reduce LBP, which has been previously shown to be associated with reduced lumbar segmental stabilization muscle activity. WBV increases reflexive activity and subsequently strengthens lumbar segmental muscles to alleviate LBP [35, 36] . WBV with high vibration levels increase the risk of LBP [37] , but frequencies below 20 Hz induces muscle relaxation and alleviates LBP caused by paravertebral muscle spasm [38] . Some additional benefits of WBV exercise are decreased heart rate and blood pressure [28, 39] , as well as improved cardiac autonomic function [40] and antiinflammatory status [41] . These benefits assist overall health to mitigate the risk of LBP. Another appealing characteristic of WBV exercise is its suitability for someone unable to perform strenuous exercise modalities.
Proprioception is one of several objective measures used to determine the effectiveness of WBV exercise on NSLBP. Although proprioceptive sense plays an essential part in joint stability and injury prevention [42] , few studies have investigated the effect of WBV exercise on lumbar proprioception among NSLBP patients, and the effect of WBV exercise on other segment proprioception is also unclear. Several studies demonstrated that a single session of WBV does not influence knee joint proprioception [43] and lumbar repositioning ability [44] in normal individuals. However, Myung-Sook et al. found that 3 weeks of WBV training was effective in improving ankle joint position sense (JPS) in children with cerebral palsy [29] . Hence, WBV exercise may have positive effects on proprioception after several weeks of training. Regarding the effect of WBV exercise in NSLBP patients, WBV training was reported to have significant positive effects on functional capacity (evaluating by the Roland and Morris disability questionnaire score, the Oswestry Disability Index, and the quality of life questionnaire SF-36) [45] , balance ability, and pain of NSLBP patients [46] . However, research on the effect of WBV exercise on lumbar proprioception is lacking. The positive influence of WBV exercise on lumbar proprioception and alleviation of pain would be beneficial for NSLBP patients. NSLBP patients with poor proprioception might also benefit from the WBV training program.
The purpose of the present study was to determine the effect of WBV exercise on lumbar proprioception and pain control in NSLBP patients. We hypothesized that WBV exercise would enhance lumbar proprioception and reduce pain, and that patients with poor proprioceptive sense would get more clinical benefit from WBV exercise.
Material and Methods
The study had a one-group pretest-posttest design and was approved by the Ethics Committee of the Shanghai University of Sports, China, and by the Chinese Clinical Trial Registry (registry number ChiCTR-TRC-13003708). All participants signed written informed consent.
Sample size
GPower 3.1.9.2 was used for power calculation. Previous studies reported effect sizes (Cohen's d) of -0.85 by investigating WBV effects on VAS in elderly individuals [47] . Therefore, to conduct a paired-samples t test, with an alpha of 0.05 (2-tailed), power of 0.9, and an effect size of 0.85, the estimated sample size was 17 participants. With an attrition rate of 20%, the sample size required for the study was 21 participants.
Participants
A total of 42 individuals participated in this study. All subjects underwent x-ray and MRI to exclude specific low back pain, and the clinician performed lumbar function tests assessing lumbar flexion, extension, and rotation. Inclusion criteria were: 18-35 years of age, low back pain persisting for approximately 12 weeks or longer, and at least 3 episodes. Exclusion criteria were: taking analgesic and/or anti-inflammatory agent, previous major trauma and/or surgery of the spine, serious spinal pathology (vertebral fracture, inflammatory arthropathy, spondylolisthesis, rheumatic diseases, cauda equina syndrome, tumor or cancer), cardiovascular and/or neurological disorders, insufficiently treated hypertension, acute inflammation of the musculoskeletal system, and pregnancy. The doctor excluded specific low back pain patients by taking their history, performing a physical examination, and laboratory testing. Participants were asked not to change their daily lifestyle and or to perform additional physical therapy during the study period.
Procedure
This was a longitudinal study investigating the effect of WBV exercise in NSLBP patients ( Figure 1 ). Each participant performed exercises 3 times a week for a total of 12 weeks, and the sessions could not be performed on consecutive days. Each training session consisted of 5 min of warm-up, 18 min of WBV, and 5 min of cool-down exercises. Lumbar joint position sense (an indirect measurement of proprioception) and the visual analogue scale (VAS) scores were recorded before and 12 weeks after WBV exercise.
Intervention
All exercises were performed on a vertical vibration instrument (AV001; BODYGREEN, Taiwan, China). Participants were asked to take off their shoes to avoid slowing vibrations on the human body. WBV exercise contains 6 exercise postures: squat, kneeling, bridge, bridge with leg lift, bridge and knee flex, and back release. Postures were maintained for 60 s, except for squat, which was maintained for 90 s, and repeated twice with 30 s of rest. In clinical practice, these postures are widely used and are safe for patients with LBP. The vibration frequency was 9 Hz, and the amplitude was 2 mm. Figure 2 and Table 1 display more detailed information about the WBV exercise protocol. WBV exercises were completed under the supervision of registered physical therapists.
Measurement

Lumbar joint position sense
Lumbar joint position sense (JPS), an indirect measure of proprioceptive sense, was evaluated before the WBV exercise and after the 12-week WBV exercise by using Con-Trex Multi-Joint System (CMV AG, Dübendorf, Switzerland).
In the measurement setup, participants stood in neutral position, and were asked to wear a blinder and earplugs to remove visual and auditory disturbance. From the starting neutral standing position, the trunk of the participant was passively flexed to a random predetermined target angle in constant-velocity mode. Participants were instructed to relax their bodies and avoid any active muscle contraction when bending the trunk to the target angle. Participants maintained the target angle for 3 s to memorize the position. Then, the participants returned passively to the starting position. Subsequently, a hand-held trigger was given to participants and were instructed to return to the target position from the neutral position. Upon pressing the pause button on the trigger, the investigator recorded the actual angle. The process was repeated for total of 6 times in series (3 times for lumbar flexion and 3 times for lumbar extension). The absolute error angles, which deviated from the actual angle to the target angle, were calculated and taken as an average for lumbar flexion and extension, which is also the angle deviation. The larger value of absolute error value angle indicated inferiority in lumbar joint position sense, thereby indicating worse proprioceptive acuity.
Before this study, we did a pilot study to determine the reliability of the Con-Trex Multi-Joint lumbar testing system. Twenty-five NSLBP patients participated in the pilot study. All subjects' lumbar proprioception was tested by the above procedures, and performed the same test after 2 days. The re-test reliability was calculated by intraclass correlation coefficient (ICC [49] .
Pain intensity
The visual analogue scale (VAS) was used to assess pain intensity, which used a 100-mm horizontal line marked from 0 to 10 from left to right, in which "0" meant no pain and "10" meant the worst pain imaginable. Participants specify their pain intensity by indicating a position between 2 end-points along a continuous line. The minimal clinically important difference (MCID), identified as a change of 2 or more points [50] , was also used to evaluate the therapeutic effect after 12-week WBV training.
Statistical analysis
Microsoft Excel 2016 and SPSS 20.0 were used for data logging and statistical analysis. Demographic data were collected for descriptive statistics, which are described as mean ± standard deviation (SD).
The paired-samples t test was used to compare lumbar angle deviations and VAS scores before and after WBV exercise. The changes in lumbar angle deviations and VAS score were also calculated, and a negative difference meant that the participant had improvement in proprioception and pain intensity after WBV intervention. Then, using the baseline lumbar angle deviation value as the reference value, the group of 42 participants were divided into 2 proprioceptive subgroups (good and poor). In the good proprioceptive subgroup, participant whose lumbar angle deviations were below the group mean before WBV exercise were included. Participants whose lumbar angle deviation above the group mean were included in the poor proprioceptive subgroup. The same analysis via pairedsamples t test was utilized for the 2 subgroups. The same approach was used for VAS subgroups. The good VAS subgroup included participants with VAS scores lower than the group mean before WBV exercise, and the poor VAS subgroup contained participants with higher VAS score. The level of significance was set at 0.05. Treatment effect was calculated by comparing the differences in outcome measured over the 12-week training program.
Lastly, odds ratio and the corresponding 95% confidence intervals were estimated to assess the differences between subgroups for perceived benefit of WBV exercise (gender, pain intensity, and lumbar proprioception above the MCID). In addition, chi-square tests were also used to determine whether there was a difference between the subgroups in the proportion of participants reporting perceived benefits.
Results
Forty-two NSLBP patients aged 18-34 years old (average age 21.6±3.0 years old; 32 males and 10 females) voluntary participated in this study. Other baseline demographic and clinical characteristics of participants are shown in Table 2 .
Proprioception
After the 12-week WBV exercise program, lumbar flexion angle deviation was reduced from 3.65±2.26° to 1.90±1.07° (P=0.0001) and extension angle deviation was reduced from 3.06±1.85° to 1.61±0.75° (P=0.0001), which were significantly lower than baseline ( Table 3 ). value of 3.06°), and 26 participants were included in the good extension proprioceptive group. Both subgroups showed significant improvement in extension proprioception after WBV exercise (poor extension proprioceptive group: P=0.0001, good extension proprioceptive group: P=0.0001).
After WBV exercise, men in the whole group (n=32) had significantly lower flexion and extension angle deviations (flexion angle deviation: P=0.0001, extension angle deviation: P=0.0001) after intervention. However, women (n=10) had significant lower flexion angle deviation (P=0.037), but showed no significant difference in extension angle deviation (P=0.052).
VAS
At baseline, the mean VAS value was 4.62±1. Table 3) .
MCID in gender, proprioception, and pain intensity
Participants with poor VAS reported significantly greater benefits from WBV exercise compared to participants with good VAS (P=0.001). No significant differences between subgroups were found for gender, flexion proprioception, or extension proprioception, in relation to the proportion of participants who attained MCID (Table 4) .
Discussion
WBV, which is a noninvasive intervention, has become an increasingly popular treatment for LBP. To investigate whether the proprioceptive performance of NSLBP patients can be improved by WBV exercise, the effect of WBV exercise on lumbar proprioception and pain control in NSLBP patients was examined. The present findings showed a significant difference in lumbar angle deviation change and VAS change after WBV exercise (flexion proprioception: P=0.0001, extension proprioception: P=0.0001, VAS: P=0.001). These results provide a possible explanation as to why a 12-week WBV program relieved pain and improved function for patients with chronic nonspecific low back pain in previous studies [47, 51, 52] . These positive effects might be an increase in proprioception of the lumbopelvic area, which improved the outcome of muscle co-ordination.
Categorizing the data at baseline into good and poor flexion proprioception revealed that WBV exercise significantly decreased the lumbar flexion angle deviation of NSLBP participants whose lumbar flexion angle deviation value was more than 3.65° (P=0.0001). WBV improved the flexion performance of those NSLBP patients classified into the poor flexion proprioception group (n=19). Conversely, WBV had no noticeable effect on flexion proprioception of participants with good flexion proprioception (n=23, lumbar flexion angle deviation was less than 3.65°). The findings of Hosp et al. [53] and Callaghan et al. [54] indirectly support these observations, as they demonstrated that healthy participants whose knee proprioception was graded as good did not benefit from the intervention.
In our previous cross-sectional study, we found that decreased lumbar muscle strength, endurance, and lumbar proprioception of the lumbar vertebra lead to an increase in pain intensity and lumbar disability [20] . Therefore, we hypothesized that patients with poor proprioceptive sense might have more clinical benefit from performing WBV exercises. Clinical benefit was measured by minimal clinically important difference (MCID), defined as a change of 2 or more VAS points [50] subgroups were found in flexion proprioception or extension proprioception in relation to the proportion of participants who attained MCID. However, an increased proportion of participants with poor VAS perceived a benefit in their clinical symptoms after the 12-week WBV intervention. Combined with the above results showing that WBV exercise decreased lumbar angle deviation significantly for NSLBP patients with poor proprioception, this finding indicated that NSLBP patients with severe pain and poor proprioception might be more suitable for WBV intervention.
Considering the gender factor, WBV showed a demonstrable effect on flexion proprioception but not extension proprioception for women in the whole group. Correspondingly, WBV showed a demonstrable effect on proprioception for men in both flexion and extension in the whole group (both P=0.0001). Few studies have reported on gender differences for NSLBP patients in lumbar proprioception based on WBV intervention. Ye et al. found that women were less sensitive than men in lumbar extensor endurance for WBV exposure [55] . Lumbar muscles in women have a higher proportion of cross-sectional area of type I fibers than men (73% and 56%, respectively) [56] . Type Ia afferent activities increased after vibration training, and type II afferents were also sensitive to vibration, especially when muscle contraction occurs. Because recruitment of type Ia afferents would precede that of type II afferents with somatosensory and perceptual stimulations, type II afferent fibers were used as elements to activate proprioception [57] . Women had a higher proportion of type Ia afferents fibers. Consequently, WBV training for women with NSLBP induced lower activations of type II afferent fibers, thereby resulting in relatively less improvement in proprioception. This is in line with the current findings.
Recently, a number of studies have reported that the LBP incidence in children and young adults is similar to that in adults [58] [59] [60] [61] , and even the lifetime prevalence rates increase with the age of the subjects [62] . Physically heavy work at a young age [63] , psychological distress during childhood [64] , and abdominal obesity [65] have been found to be the main risk factor for low back pain, not only during childhood, but also in early adulthood. Lifestyle-factors such as smoking, alcohol consumption, and overweight are was positively associated with LBP [66] .
A meta-analysis of surgical versus nonsurgical treatment of chronic low back pain (CLBP) suggested that nonsurgical treatment was slightly more effective, feasible, and safe [67] . Nonsurgical physical therapies like low-level laser therapy [68] , magnetic therapy [11] , electrical therapies [10] , extracorporeal shockwave therapy [69] , and high-intensity laser therapy [70] have a favorable effect on self-reported pain and functional limitations on NSLBP. These results are in line with our study, but no previous study has reported on the effect of proprioception on the lumbopelvic area.
The present study contains certain limitations. First of all, our age range was narrow and the sample was small. All participants were young individuals, and the average age was 21.6 years old (range: 18-34 years old). Thus, these results did not represent the condition of the entire population. Furthermore, proprioceptive senses included position sense, motion perception, and vibration sensation; however, this study only tested position reproduction, particularly position sense. Given that the sense of joint movement and vibration was difficult to quantify under the conditions in the present study, the effort to improve accuracy and comprehensiveness of proprioceptive sensation testing is another important research field. Our findings are based on a single-group pre-post test design without a control group, which increases the risk of bias, and the lack of follow-up observations is another limitation. Future studies involving a control group and long-term follow-up observation are needed to ensure that the improvements we demonstrated are due to the whole-body vibration exercise, thereby strengthening the validity and credibility our study findings. Furthermore, it would be useful to evaluate the effect on lumbopelvic proprioception and pain control of different training approaches.
Conclusions
Lumbar flexion and extension proprioception, as measured by joint position sense, were enhanced significantly, and pain was also significantly reduced in NSLBP patients after completing the 12-week WBV exercise program. However, patients with good flexion proprioceptive ability had limited proprioceptive enhancement.
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